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BULLETIN  229] 


[FEBRUARY,  1915 


Ontario  Department  of  Agriculture 

ONTARIO  AGRICULTURAL  COLLEGE 


The  Smuts  and  Rusts  of  Grain  Crops 


J.  E.  Ho  WITT  AND  It.  E.  SlONB. 


tNTBODUCTION. 

Thi.  bulletin  i«  not  written  for  the  purpose  of  announcing  ne«v  scientific  di»- 
coTeries  concerning  the  imuu  and  rusts  of  grains,  but  *itli  the  object  of  Tnakin« 
amiable  to  the  general  pubUc,  especiaUy  to  toe  fanners  of  Ontario,  the  knowledge 
which  icientilic  worJters  have  accumulated  regarding  the  nature  and  methods  of 
control  ol  amuu  Md  nuts.  With  this  object  in  view  the  writers  have  endeavored 
to  ducus.  the  subject  in  clear,  simple,  non-technical  language,  ^o  that  all  who  read 
the  bulletin  may  readily  understand  it.  It  is  hoped  that  his  bulletin  may  serve 
to  spread  more  widely  information  which  wiU  aid  the  farmers  of  Onurio  in  pre- 
venting low  from  smuts  and  rusts.  Special  thanJu  are  due  to  Prof.  U.  A.  Zavitz 
and  to  Mr.  W.  U.  Wright  for  their  assistance. 


L0B8B8  Dux  TO  Smcis  ai^d  Busts. 

It  is  exceedingly  difficult,  if  not  impossible,  to  estimau.  the  financial  lods 
caused  by  these  diseases.  The  foUowing  rough  estimate  of  the  loss  caused  by 
smuto  has  been  nude  by  considering  the  value  of  the  ditferent  grain  crops  grown  in 
Ontario  each  year  and  the  estimated  annual  average  per  cent  that  the  yield  of  the 
different  crops  is  reduced  by  smut: 

Oati. 
Market  vain*  of  the  yearly  crop,  about  $36,000,000. 
BaUmatml  average  annual  loss  due  to  oat  smut,  6  per  cent  of  croo 
Yearly  financial  loss  ^^ n,800.000 

Wheat. 
Market  ralue  of  the  yearly  crop,  about  $16,000,000. 
Batlmated  iverase  annual  loaa  due  to  smuu,  4  per  cent  of  croo 
Yearly  flnansUl  Iom   .". ^^o^oj 

Bdrley. 

Market  value  of  the  yearly  crop,  about  1^0,000.000. 

BeUmated  average  annual  loss  due  to  smuts,  2  per  cent 

Yearly  financial  loaa 1200.000 

Com  (Orown  for  husklog.) 

Market  value  of  the  yearly  crop,  about  $8,000,000. 

Estimated  average  annual  loss  due  to  com  smut,  1  per  cent 

Yearly  financial  loss   $80,000 

Total  yearly  financial  loss  to  the  farmers  of  Ontario  due  to  grain  smuts.  .$3,720,000 
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Th.  loM«  dM  to  grain  mti  w  T«y  hwd  to  artmuto  M  th.yvMy  very  much 
with  tS  Sl  So»fy«r.  the  lo«  may  not  exceed  i  per  cent.  o£  the  gram  c  op. 
wlSe  othH^  Urn/  exceed  10  per  cent.  Eetimating  the  average  annud  lou 
TtTpertLt^d  the  /early  value  oTour  grain  crops,  not  -luinjj  corn  and  rye. 
at  m.OWi.m,  the  yearly  financial  low  due  to  grain  mat  u  l>^4»0,uyo. 

tC  fiUre.  -Je  b/t  approximaU,  but  they  «rve  to  jmpres-^  '^^J^, 
annual  lo«  cau«ed  by  amute  and  ruata  u  very  much  larger  than  la  generally 

'•^  financial  loa."  to  the  farmer,  of  Ontario  can  be  ve^  Ztor^'ti  S 

grain  ^ut.  can  be  almct  entirely  prevented  by  P"i?' ^rTirii^faSL 
STL  cau«Hl  by  grain  ruaU  materiaUy  reduced  by  riollul  and  careful  farming. 

Thi  Caum  o»  Smom  ahd  Bubtb  oj  Giuinb. 

The  amut.  and  ruata  of  grains  are  fungus  diseases;  that  is,  they  are  caused 
by  linute  colorless  plants,  called  fungi,  vrhich  have  lost  the  power  of  maun- 
f  Jcturing  their  own  food  and  have  become  thieves  and  parasites,  stealing  th«r  f ood 
from  oSer  plants,  and  in  so  doing  injuring  them  m  various  ways,  thus  causiu^j 
wS  uTkno^  «  fungus  diseases  The  bodies  of  the  fungi  which  cause  smut. 
Ld  rJ^S  ^  com-STof  fine,  delicate  threads  or  tubes  (hyph*)  which  are  so 
^ieSy  sSaU  that  they  can  only  be  seen  with  the  aid  of  a  microscope.  These 
UvrSeLTceUs  of  the  grain  plant,  and  obtain  their  nounslunent  from  them. 
SI^^orSsTfimsus  thread  (hyph«)  become  changed  and  produce  reproducUve. 
jTr^lL  S^^ifS^SJxSr^ci  «rve'the  same  purpose  as  the  seeds  of  flowering 

"^Z  r-of  thrf^^wSr  ^use  grain  rusts  ^e  spor.  .e  producedjn 
enormous  number,  near  the  surface  of  the  leaves  or  stems  just  beneath  the  skin 
(eSimU),  which  is  finally  ruptured,  expo^g  ihe  masses  of  spores,  which  are 
^hen  easUv  wen  on  the  leave,  and  stems  as  rusty  red  or  black  Imes. 

S  s^Tf  the  smut  producing  fungi  are  usually  formed  m  the  ears  "r 
heads  oJCpain.  The  fung^  threads  (mycelium)  attack  the  A"'^"*  J^e^gj^J 
S  to  deveL  andieed  upon  the  food  being  stored  in  the  forming  seeds.  When 
S  is  exhiSd,  the  fun^s  threads  divide  -P  in^othou«mds  of  httie  s^r.^ 
These  compose  the  black  smut  masses  so  familiar  to  every  fanner.  Ihe  "Pores  «e 
irdSdy^mll;  some  idea  of  their  size  may  be  had  by  considenng  the  fact  that 
rnr^TuSd  Xa't  grain  contains  between  two  and  tiir^e  malign  ^ttiem 

The  spores  of  tiie  smut  and  rust  fungi  are  scattered  by  the  wmd,  or  by  the 
thresSrSdlidling  of  the  grain  in  the  case  of  some  of  the  smute.  Each  spore. 
^^a^S^ndrpropfr  conditions,  is  capable  of  producing  it.  kmd  and  finally 
iuSi^lgSi  that  p^cular  smut  or  rust  peculiar  to  the  parent  fungus. 


KINDS  OF  SMUTS  AND  METHODS  OF  PREVENTION. 
LoosB  Smtjt  op  Oats  {UstUago  avence  (Gen.)  Jensen).      . 

This  i.  the  commonest  and  most  troublesome  grain  mmt  in  Ontario.    It  is 
noticeable  just  as  soon  a«  the  oat.  begin  to  head.    It  destroys  the  kernel,  fte  hu' 
and  tiJe  chaff,  changing  them  to  a  dark  brown  powder  resembling  soot,  so  that  the 


whole  head  becomes  a  max  of  smut.  These  smut  masses,  which  are  composed  of 
millions  of  spores,  are  blown  away  by  the  wind,  leaving  only  the  naked  branches 
of  the  inflorescence. 

Lira  HiBTOHT.— The  spores  are  scattered  by  the  wind  about  the  time  the  oats 
are  m  flower.  They  are  blown  to  healthy  heads  of  oats,  and  lodge  on  the  srain 
probably  getting  inside  the  hull  onto  the  kernel  when  the  oats  are  in  flower f  here 
they  remain  dormant  until  the  grain  is  sown.  The  disease  is  thus  carried  over  the 
winter  as  spores  on  the  grain.  In  the  spring  when  the  seed  is  sown  and  germinates 
the  same  condition*,  viz. :  warmth  and  moisture,  which  cause  the  seed  to  germinate' 
also  cause  the  spores  to  germin^.te.    When  thev  germinate,  delicate  fungus  threads 


Fio.— 1.  Loose  smut  of  oats.     (About  one- 
half  natural  slse.) 


Fio.  2.— Stlnkln*  smut  of 
wheat  on  left  and  loose 
smut  of  wheat  on  right 
(Ahout  one-half  natural 
slse.) 


are  produced  which  penetrate  the  very  young  seedling  plants.  This  is  the  only 
hme  that  infection  can  take  place.  The  fungus  threads  live  inside  the  tissues  of 
the  oat  plant,  following  the  growing  point  up  the  stem,  and,  when  the  heads  form 
onter  the  young  developing  grains  and  floral  structures,  feeding  upon  the  foods 
heing  stored  m  the  ovules.  These  fungus  threads,  which  are  very  abundant, 
finally  dmde  up  mto  numerous  spore«,  converting  tht  grains  and  chaff  into  a  mos^ 
f'f  smut.  •"•»«« 

Tbbatmeot.— Oat  smut  can  be  prevented  by  treating  the  seed  with  formalin 
'>ee  directions  for  formalin  treatment  on  pages  9  and  10.  Blnpstone  «hould  never 
be  used  for  treating  oata,  as  it  injuw  tb*  grain  «q  th^t  it  does  .ot  ^enflinj^t?  frwly. 


t~M 


Whbat  Buxm. 
There  an  two  common  tmut*  of  whott  in  Ontario:  rtinking  annt  ot  tant,  and 
looM  smut  It  it  very  important  that  farmert  thould  learn  to  dutingulrii  »«*•« 
the  two  kindf,  ae  .tinking  ei.iut  or  b.nt  can  be  presented  by  tre«ting  the  leed 
with  formalin  or  blueetone,  while  inch  treatment  ie  of  no  nee  whatem  In  pt^ 
'  Tenting  loo«e  emut.  A  little  etndy  will  enable  even  a  canal  obeener  to  d«tingui*h 
between  theae  two  diieaaea. 


Fio.  3. — Bunted  grains  on  left;  sound  grains 
on  right    (About  one-half  natural  slse.) 


rio.  4.— Loose  smut  of  wheat. 
natural  slie.) 


(About 


STiKKiNa  Smtjt  OB  BcNT  OP  Whbat  (TUletia  foeUtu  (B.  &  C.)  Trel.)- 

This  is  the  commoner  and  more  objectionable  smut  of  wheat  It  attacks  only 
the  grains,  causing  them  to  l«BC«fme  short,  plump,  light  in  weight,  and  filled  with  a 
black,  somewhat  oily  powder  which  has  an  odor  like  decaying  fish.  The  chaff, 
while  not  destroyed,  becomes  bleached  and  distended,  because  of  the  swollen 
diseased  grains  within.  When  a  bunted  grain,  "smut  ball,"  ie  broken,  the  disa- 
greeable odor  of  the  powder  within  is  very  pronounced.  Many  of  theee  smut 
balls"  are  broken  and  the  powder  scattered  in  threahing  and  handling  the  grain 
and  hence  this  amu^  even  in  emaU  quantities,  can  be  detected  by  the  odor  which  it 
impartB  to  the  grain.  Very  email  quantities  of  stinking  amut  render  wheat  unfit 

for  milling  purposea. 

Lrra  HiBTOBT.— The  dark,  fll-emelling  powder  in  the  diseased  grains  con 
e^  of  numeroua  spores.  It  has  been  eetimat«d  that  one  "smut  ball »  may  con 
t»in  between  two  ind  three  million  spores.    The  «  smut  b^Uo  "  »»  broken  dunm 


the  thrething  and  hmdling  of  the  wheat  and  the  tporM  acattered  among  ih» 
•ound  graina  to  which  they  adhere.  The  diieaw  ia  thua  carried  over  u  iporM  on 
the  »eed.  When  the  seed  ia  aown  and  germinatea,  the  iporea  alao  gerrainat*  and 
produce  delicate  fungus  tlireadi,  which  enter  the  very  young  seedling  plat;  fa.  Thk 
18  the  only  time  that  the  fungua  can  gain  entrance  to  the  wheat  plant.    The  fungoa 

A  *1.**  *^°*'  '°"**®  ^'^  ****'*  P^'"^  foUowring  the  growing  point  up  the  atmn 
and,  when  the  heada  bt^in  o  form,  enter*  the  young  ovaries,  feeding  upon  the 
foods,  sUrches,  etc.,  being  stored  in  them.  The  fungua  threads  which  fill  tba 
diseased  ovariea  finally  divide  up  into  countleM  apores  which  form  the  dark 
colored  powder  which  fills  the  bunted  grains. 

Tmatmekt.— Stinking  Smut  or  Bunt  of  Wheat  can  be  prevented  by  treating 
the  seed  either  with  formalin  or  bluestone.    See  directions  on  pages  9  and  10. 

\7  ml  ****  ***^  *''*■*  *°  ^  treated  contains  smut  balls,  they  mast  b% 
removed.  This  can  be  done  with  the  fanning  mill  or  by  placing  the  grain,  about  a 
bnshel  at  a  time,  in  a  tub  of  water,  and  stirring  it  The  smut  balls,  being  light, 
will  rise  to  the  surface  and  can  be  skimmed  off.  *    e  •» 


Fio.  6.— 'Spores  of  loose  smut  of  wheat 
CMagntfled  many  times.) 


Loose  Smut  of  Wheat  (UstUago  tritici  (Pers.)  Jens.). 

This  smut  is  more  common  and  docs  more  damage  to  wheat  in  Ontario  than 
IS  generally  supposed.  It  destroys  both  the  grains  and  the  chafi,  changin^r  them  to 
a  black  powder.  The  whole  head  thus  becomes  a  black  smut  mass.  These  smut 
masses  are  noticed  in  the  field  just  as  soon  as  the  ears  begin  In  form.  They  are  very 
soon  broken  up  and  blown  away  by  the  wind,  the  only  remaining  evidence  of  the 
smut  at  harvest  time  being  the  naked  central  axis  of  the  ear. 

Life  History.— The  smut  masses  cons.st  of  millions  of  spores.  These  are  scat- 
tered by  the  wind  when  the  wheat  is  in  flower.  Some  of  these  spores  reach  sound 
ears  of  wheet  and  dr  "t  in  between  the  chaff  on  to  the  flowers.  The  spores  germinate 
at  once  and  produce  delicate  fungus  threads  ("germ  tubes")  which  penetrate  the 
developing  grains.  Once  esta'^lished  inside  the  grain  the  fungus  remains  dormant. 
Infected  grains  are  perfectly  -ound  and  there  is  no  way  of  telling  them  from  grains 
which  are  not  infected  except  by  skilful  microscopic  examination.  The  loose 
smut  is  thus  carried  over  as  the  dormant  fungus  threads  (mycelium)  in  the  seed. 
On  the  germination  of  the  seed  the  fungus  threads  Login  to  grow  inside  the  germ 
i.nd  as  the  plant  develops  follow  the  growing  point  up  the  stem,  finally  invading 
the  ears  and  chaff  and  reducing  them  to  a  mass  of  smut. 

Treatment.— Loose  Smut  of  Wheat  CANNOT  be  prevented  by  t. eating  the 
-eed  with  formalin  or  bluestone  If  possible,  secure  seed  from  a  district  where  Loose 
Smut  is  not  present.  Such  seed  will  produce  a  crop  free  from  this  smut.  If  loose 
mut  is  bad  and  it  is  impossible  to  secure  seed  free  from  infection,  it  may  be  neeea- 


X,.-.  V 


mrj  to  MtaUith  »  Med  {dot  and  tntt  the  seed  u  directed  in  JenMn'e  modified  hot 
wtter  trefttment,  page  10. 


■uMiiABiaD  OoMrAueoii  or  tniiKina 
liOOM  Bmut.  I 

1.  DMtroxt  both  the  inln  and  the  ebeS. 
1  Hu  no  dliegreeeble  odor. 


I.  Bporee  eeattered  br  the  wind  at  Aower 
Ing  time. 

4.  Carried  orar  aa  the    fungua    thread* 
(mycelium)  iaaide  the  eeed. 

i.  Cannot  be  prereated  br  treating  the 
eeed  with  formalin  or  blueatone. 


ADD  Looaa  guvn  or  Wbxat. 
Bunking  Bmut. 

,  Deatroya  only  the  grain. 

,  Haa  a  very  diaagrMaUe  odor. 

.  flporee  eeattered  in  the  threahiog  and 
handling  of  the  grain. 

4.  Carried  o/er  aa  the  aporea  on  the  aeed. 

5.  Can  be  prevented  by  treating  the  eeed 

with  formalin  or  blueatone. 


Bablit  Sucn. 

There  are  two  kind*  of  barley  nnut,  viz :  Loose  or  Naked  Smut  of  fiafley, 
and  CoTered  Smut  of  Barley.  The  former  ii  the  more  prevalent  and  more  aeriou* 
dieaaae  in  Ontario.  It  ia  very  important  that  farmers  should  learn  to  diitinguish 
these  two  smats,  as  the  oovared  smut  can  be  prevented  by  treating  the  seed  with 
formalin,  while  each  treatment  is  of  no  use  whatever  in  preventing  the  loose  or 
naked  smut 


LoOBi  OB  Nakio  Shot  or  Bablet  {Ustilago  nuda  (Jens.)  Kellerm  and 

Swingle) . 

This  is  the  smut  which  does  most  damage  to  barley  in  Ontario.  It  is  very 
similar  to  loose  smut  of  wheat  It  destroys  both  the  chaff  and  the  grain,  re- 
ducing them  to  a  black  powder  resembling  sooi  This  powder,  which  is  in  raality 
a  mass  of  spores,  is  soon  blown  away  by  the  wind  so  that  at  harvest  time  there  i;* 
oothing  left  but  the  naked  axis  of  the  ear.    See  Fig.  6. 

Inn  HuTOBT. — The  life  history  is  similar  to  that  of  the  fungus  which  causes 
loose  smut  of  wheat  TLa  «r  res  are  scattered  by  the  wind  when  the  barley  is  in 
flower.  Some  of  then'  rt-  -lealthy  ears  of  barley  and  drift  in  between  the  chalT 
on  to  the  flowers.  They  germinate  at  once  and  produce  delicate  fungus  threads 
(germ  tnbea)  which  penetrate  the  developing  grains.  Once  established  inside  the 
grain  the  fungus  soon  becomes  dormant.  Inifected  grains  are  perfectly  sound  an ! 
taere  is  no  way  of  telling  them  from  grains  which  are  not  infeated  except  by  ver 
delicate  and  skilful  microscopic  examination.  The  fungus  which  causes  loose  cr 
naked  smut  of  barley  is  thus  carried  over  as  the  dormant  fungus  thr  tads  (mycelium ) 
inside  the  seed.  On  the  germination  of  the  seed  the  fungus  threads  comment  • 
to  grow  inside  the  geran,  and,  as  the  plant  develops,  follow  the  g-owing  point  ii;> 
the  stem,  finally  invading  the  flowers  and  chaff  and  reducing  them  to  a  mass  of 
amut 

Tbbatmint.— Loose  or  Naked  Smut  of  Barley  CANNOT  be  preventei  b 
treating  the  seed  with  formalin  or  bluestone.    If  possible  secure  seed  from   i 
district  where  the  smut  is  not  found.    Such  seed  will  produce  a  crop  free  from  th  i 
smut    If  loose  or  naked  smut  of  barley  is  bad  and  it  is  impossible  to  sat-'-^  set  i 


frw  from  infection,  it  will  b«  nwMMry  t    eiUbliih  •  Med  plot  and  treat  th« 
M  directed  in  Jenaen'e  modified  hot  wtltr  tri^atment,  page  10. 

CoTKRH)  Smut  or  Baklkt  (UttUago  kordti  (Pers.)  Kel.  Sw.). 

Thia  imut  atUclu  the  chaff  and  the  kemels,  but  the  ipore  maas  usually  remaina 
wrered,  CMh  emutted  grain  (ipore  ball),  being  enclowKi  in  a  delicate  whitj  skin. 
Thu  imut  »  often  found  in  the  threshed  grai-  n  the  form  of  black.  irreguUr 
maaaaa.  It  is  sometimes  difficult  to  distinguish  v  red  from  loose  smut  of  barley 
but  the  former  may  usually  be  recognised  by  i  :ater  appearance  in  the  fleL'  y 
tba  whito  membrane  covering  the  smut  balls  and  by  the  coal  blark  color  of  tb  ♦ 

~—     (See  Pig.  7.) 


Pio.  b. — Loose  or  naked  smut  of  barley. 
(About  one-half  natural  size.) 


Fio.  7.— Covered  smut  of  barley.     (About 
natural  size.) 


.in^^7  HiSTOBT.-Some  of  the  spores  may  be  liberated  and  scattered  by  the 
nnd  before  the  gram  is  harvested,  but  it  wou'.  seem  probable  that  most  of  them 
ire  dispersed  in  the  threshing  and  handling  of  the  grain.  The  disease  is  carried 
)ver  as  spores  adhering  to  the  seed.  This  smut  can  get  established  in  the  barler 
;'lanU  only  when  they  are  in  the  very  young  seedling  stage.  The  life  history  of 
ne  fungus  causing  covered  smut  of  barley  is,  therefore,  for  all  pract'cal  punisea 
railar  to  that  of  the  organism  causing  stinking  smut  of  wheat 

Tbbatmbkt.— There  is  much  evidence  to  show  that  treating  the  seed  with 
rmalm  will  prevent  this  smut.    (Sec  page  a.) 
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SuMUABizEo  Comparison  of  Loose 
Loose  Smut. 

1.  Appears  earlier;  begins  to  show  as  soon 

as  the  ears  appear. 

2.  Smut  masses  usually  dispersed  by  the 

wind  soon  after  they  appear,  leaving 
only  the  bare  stalks. 

3.  The  smut  mass  has  a  dark  brown  color. 

The  skin  around  It  very  soon  rup- 
tures. 

4.  The   fungus    is    carried   over   as   the 

fungus  threads    (mycelium)    in  the 
seed. 

6.  Cannot  be  prevented  by  formalin  treat- 
ment. 


AKD  CoviBED  Smuts  of  Babixy. 
Covered  Smut. 

1.  Does  not  show  until  about  two  weeks 

later. 

2.  Smut  masses  usually  remain  until  har- 

vest 

*3.  The  smut  mass  is  almost  coal  black, 
and  the  white  skin  usually  remains 
around  it. 

4.  The   fungus   is    carried   over   as   the 
spores  on  the  seed. 

6,  Can  be  prevented  by  formalin  treat- 
ment. 


CoBN  Smut  {Ustilago  zea  (Beckm.)  TJng.)- 

This  smut  is  exceedingly  common  and  is  familiar  to  every  fanner  who  grows 
any  corn.  The  sugar  or  table  corns  seem  to  be  more  subject  to  smut  than  the 
field  corns,  but  no  varieties  are  known  that  are  entirely  free.  Many  farmers  con- 
sider the  loss  due  to  com  smut  too  small  to  demand  any  particular  attention,  but 
the  aggregate  loss  in  Ontario  is  undoubtedly  large.  In  the  com  growing  sections 
of  Ontario  this  smut  cause's  an  appreciable  loss  to  the  growers  nearly  every  year. 
Corn  Smut  is  not  confined  to  the  ears  but  attacks  also  the  stalks,  leaves  and 
tassels.  It  produces  on  the  parts  attacked  peculiar  growths,  usually  spoken  of  as 
"boils."  These  "boils'/  are  sometimes  six  inches  or  more  in  diameter.  They 
are  white  and  polished  in  the  early  stage  but  become  darker  as  they  mature  and 
finally  rupture  and  expose  a  brownish  black  mass  of  powder  consisting  of  millions 
of  spores. 

Life  History. — As  soon  as  the  "  boils  "  mature  and  rupture  the  spores  are 
scattered  by  the  wind  or  other  agencies.  In  the  soil  or  in  manure  the  spores 
germinate  and  produce  great  numbers  of  secondary  spores  which  may  infect  any 
of  the  tender  growing  tissue  of  the  corn  plants.  Thus  the  disease  is  spread  during 
the  growing  season.  It  is  carried  over  the  winter  as  the  spores  in  the  soil  or  iu 
manure.  The  soil  and  manure  may  be  contaminated  in  various  ways.  The  spores 
may  be  scattered  by  the  wind  or  the  smut  masses  may  be  left  on  the  field  or  thrown 
into  the  refuse  or  manure  pile.  Smutted  corn  may  be  used  for  fodder  and  it  is 
claimed  that  the  spores  may  pass  through  the  plimentary  canals  of  the  cattle  with- 
out being  injured,  and  may  thus  get  into  the  manure  pile.  It  is  an  important 
fact  that  the  spores  of  com  smut  not  only  live  through  the  winter  in  the  manure 
pile,  but  that  they  may  actually  grow  and  increase  in  number  in  the  warm  fe;- 
menting  manure.  The  smut  may  live  for  considerable  time  in  the  manure  heap 
but  will  gradually  die  out. 

Treatment.— Treating  the  seed  with  formalin  or  bluestoue  will  not  prevci 
com  smut,  as  it  is  carried  over  the  wintei-  as  the  spores  in  the  soil  and  in  manur. . 
Go  through  the  field  and  remove  and  bum  all  smut  growths  as  soon  as  they  appear, 
as  each  "boil"  when  it  matures  is  a  source  of  infection  to  the  healthy  plai- 
around  it.  Avoid  fresh  manure ;  it  is  very  likely  to  contain  live  smut  sporr  . 
Practise  a  rotation  of  crops ;  the  com  smut  spores  in  the  soil  will  not  live  for  ma  y 
years  and  those  which  are  in  the  soil  cannot  injure  any  other  farm  crop.    Af  r 


three  or  four  years  com  may  again  be  planted  with 
spores  wiii  have  lost  their  vitality  by  this  time. 


less  danger,  as  many  of  the 


METHODS  OF  PREVENTING  GRAIN  SMUTS. 

There  are  a  number  of  successful  methods  of  treating  grain  to  prevent  smut 
The  simplest  and  most  eflBcient  methods  for  the  prevention  of  each  kind  of  smut 
will  be  described  here. 
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Pro  8. — Corn  smut  on  ear  and  tassel.     (About  one-half  natural  size.) 


Dipping  in  a  Formalin  Soldtion. 

This  method  will  prevent  Stinking  Smut  of  Wheal,  Loose  Smut  of  Oats  and 
Covered  Smut  of  Barley. 
Materials  needed: 

Formalin  (40  per  cent,  formaldehyde). 
A  barrel. 
Water. 

A  coarse  sack. 

A  clean  floor  or  canvas  on  which  to  spread  otit  the  treated  seed. 
Mix  one-half  pint  of  formalin  in  21  jrallons  of  water.     Place  the  seed  to  be 
treated  in  a  coarse  sack;  a  bran  sack  is  excollent  for  the  purpose.     Fill  the  sack 
about  three  parts  full  and  immerse  in  the  formalin  sohition  for  twenty  minutes. 


i4 


10 

Daring  the  treatment  niee  the  mk  up  and  down  aereiBl  tunes  in  the  eolation  to 
inraro  wetting  eveiy  gnin  that  it  oontaina. 

After  treating  spread  the  grain  (mt  thinly  on  a  clean  floor  or  canvas  where  it 
eaa  be  stirred  and  allowed  to  dry  safSciently  to  be  sown.  The  sooner  it  is  eown 
after  treatment  the  better.  Twenty  gallons  of  the  eolation  will  treat  about  80 
boahela  of  grain.  Several  treatments  may  be  made  with  the  same  eolation;  eaeh 
lot  will  require  to  be  immersed  for  twenty  minutes. 

Sphinkunq  With  a  Fobiuxin  Solotion. 

This  method  will  prevent  StiiMng  Smut  of  Wheat.  Loose  Smut  of  Oats,  and 
Oovred  Smut  of  Barley. 
Materials  needed: 

Same  as  for  dipping  in  formalin,  except  that  a  sack  is  not  required. 
In  addition:  Shovels  for  mixing  the  grain. 
An  ordinary  garden  sprinklin«f  can. 
Mix  one  pint  of  formalin  with  40  gallons  of  water.    Place  the  grain  to  be 
treated  in  a  heap  on  a  dean  canvas  or  floor.    Sprinkle  the  formalin  solution  over 
the  grain,  then  shovel  the  grain  over  into  another  pile  so  as  to  mix  it  thorou^y, 
then  sprinkle  and  shovel  again.    Repeat  this  until  every  grain  is  moistened  by 
the  solution;  then  cover  the  pile  with  sacking  and  leave  for  3  or  4   hours.    At  the 
•end  of  tiiis  time  epread  the  grain  out  thinly  to  dry ;  shovelling  it  over  three  or  four 
times  will  hasten  the  drying.    Foriy  gallons  of  the  formalin  solution  is  sufBcient 
to  sprinkle  between  thir^  and  forty  bushels  of  grain. 

'  Spbinkliko  With  a  Blumtonj  Solutiok. 

This  method  is  recommended  to  prevent  Stinking  Smut  of  Wheat  only. 
Materials  needed : 

Same  as  for  sprinkling  with  formalin,  except  instead  of  formalin  blue- 
stone  or  copper  sulphate  is  used. 
:  Dissolve  one  pound  of  blueetone  by  £rtirrii  <i  boiling  water  in  a  wooden  veeael, 
then  dilute  to  ten  gallons  with  water.  Sprii  je  the  seed  to  be  treated  with  this 
solution  as  directed  for  sprinkling  with  formalin.  When  completed,  spread  out 
to  dry  at  once;  do  not  pile  and  cover  with  sacking  as  directed  in  sprinkling  with 
formalin. 

N.B. — Bluestone  has  not  given  as  good  results  here  at  the  College  as  formalin 
and  should  be  used  only  when  formalin  is  not  available. 

Jsnskk's  MoDinro  Hot  Water  Tbsatmsnt. 

(Used  in  connection  with  a  seed  plot.) 

This  method  will  prevent  Loose  Smut  of  Wheat  and  NaJced  or  Loose  Smut  of 
BarUy. 

Materials  required : 

Two  large  kettles  or  tubs. 
Small  coarse  sacks  or  wire  baskets. 
A  reliable  thermometer. 
Supplies  of  hot  and  cold  water. 
•"  The  clean  seed  should  be  soaked  for  from  five  to  seven  hours  in  water  ai 
ordinary  room  temperatare  (63  to  78  degrees  F.).    It  should  be  placed  in  small 

•BuU.  ISl  Bur.  Phmt  Ind.  U.S.  Dept  of  Aartculture. 
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looM  Mflkt  or  wire  btdcets  containing  not  more  than  one-half  peek  each  and  drained 
for  a  ihort  time.  It  ia  of  the  greatest  importance  that  the  teed  be  treated  in 
tmall  lots  in  order  that  all  of  the  grain  may  be  quickly  and  nnifermly  brought  to 
the  desired  temperature.  Two  tabe  or  vats  of  water  should  be  piorided.  In  one 
tab  (No.  2)  the  exact  temperature  required  should  be  maintained.  The  other  tub 
(No.  1)  is  osed  for  bringing  the  grain  to  the  temperature  of  the  treatment^  so  at 
not  to  lower  the  temperature  in  tub  No.  2.  Galvaniaed  iron  tubs  of  80  to  40 
gaUons  capacity  and  kerosene  or  gasoline  doable-burner  stovee  are  soffident  for 
treatment  The  drained  sacks  or  baskets  of  seed  should  be  plunged  into  tub  No.  1 
for  a  minute,  then  transferred  to  tub  No.  2,  and  kept  agttatad  while  immersed  at 
temperatures  and  for  the  periods  specified  below,  ihi  temperature  mentioned  being 
maintained  as  nearlj  as  possible : 

"  For  barley,  15  minutes  at  126  degrees  F. 

"  For  wheat,  10  minutes  at  129  degreee  F. 

"  In  treating  barley,  if  the  temperature  should  rise  abore  126  degrees  F.  the 
time  of  immersion  must  be  reduced  to  ten  minutes  at  127  degrees  F.,  or  Ato 
minutes  at  129  degrees  F.  Above  129  degrees  F.  there  is  no  safe  margin.  If  the 
temperature  falls  slightly  below  126  degrees  F,  time  of  treatment  should  be  in- 
creased in  proportion.  A  temperature  lower  than  124  degrees  F,  will  not  be 
effective.  In  treating  wheat,  if  the  temperature  should  rise  above  129  degrees  F. 
or  fall  below  126  degrees  R,  the  time  for  immersion  must  be  diminished  or  in- 
creased accordingly.  Under  no  circumstances  should  a  temperature  of  more  than 
131  d^n^ees  F.  be  allowed.    Temperatures  below  124  degrees  F.  an  ineffective. 

"Seed  treated  as  indicated  may  be  sown  as  soon  as  it  is  sufficiently  dry  to 
run  freely  through  the  drills.  Allowance  must  then  be  made  for  the  swollen  seed 
and  also  for  injury  in  treatment.  The  increase  due  to  swollen  seed  can  be 
estimated  by  measuring  seed  before  and  after  treatment  The  seed  may  be 
treated  several  months  before  seeding  time  and  then  dried  quickly  and  carefully. 
In  many  cases  the  grain  germinates  as  well  or  better  when  rested  after  treatment 
than  if  sown  immediately.  The  seed  m^y  be  dried  by  spreading  it  out  in  thin 
layers  not  over  2  inches  in  depth  on  a  clean  granary  floor  or  on  canvas  and  shovel- 
ling or  raking  it  from  time  to  time.    It  must  not  be  allowed  to  sprout" 

TL'is  treatment  is  effective  against  both  smuts  but  is  a  rather  delicate  one  to 
carry  oat  Should  the  grain  get  too  hot  its  germinating  power  will  be  injured 
or  destroyed;  if  the  temperature  is  not  high  enough  the  disease  will  not  be  reduced 
at  all.  It  cannot  therefore,  be  recommended  for  farm  practice  for  the  seed  re- 
quired for  the  main  wheat  or  barley  crop.  It  is,  however,  possible  to  treat  a  small 
quantity  of  seed  in  this  way  and  with  it  sow  a  plot  from  which  to  get  next  year's 
seed  for  the  main  crop.  The  location  for  such  a  plot  should  be  as  far  as  possible  from 
the  other  wheat  or  barley  fields,  and,  if  possible,  in  a  sheltered  situation,  so  as  to 
avoid  the  blowing  of  smut  spores  in  any  quantity  to  the  flowen.  If  the  seed  grain 
was  successfully  treated  very  few  smutted  heads  should  be  found  in  this  seed  plot, 
and  such  as  appear  should  be  removed  by  hand.  The  grain  harvested  from  this  plot 
should  have  escaped  most  of  the  infection  and  will  yield  a  comparatively  smut-free 
crop  wherever  it  may  be  sown  and  without  any  further  seed  treatment 
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Pbxoautiokb  to  bb  Takxh  to  Insubb  Suocibs  of  MaiHoos  Bboohuxnokd  to 

Pumrr  Smdt. 

1.  Learn  to  distinguish  the  different  grain  smuts  and  be  sure  to  use  the 
method  recommended  for  the  particular  one  you  wish  to  prevent 
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8.  Great  care  most  be  taken  to  see  that  treated  seed  is  not  reinfected  with 
■mat  apores.  Sacks,  bina,  implements,  etc.,  used  in  handling  smutted  grain  most 
alac  be  disinfected.  The  sacks  should  be  boiled  or  dipped  in  a  strong  solution  of 
formalifl  (1  pint  to  10  gallons)  and  the  seed  drill  should  be  cleaned  and  disin- 
fected wiUi  formalin.  The  floor  on  which  the  grain  is  spread  out  to  dry  should 
ilrst  be  scrubbed  with  a  strong  solution  of  formalin. 

3.  If  seed  wheat  to  be  treated  contains  bunted  grains  (smut  balls)  they  must 
be  removed  before  treating  the  grain.  This  can  be  done  with  a  fanning  mill  or  by 
placing  the  grain,  about  a  bushel  at  a  time,  in  a  tub  of  water  and  stirring  it 
thoroughly.  The  "smut  balls"  being  light  will  rise  to  the  surface  and  can  be 
skimmed  off. 

4.  Sow  the  seed  as  soon  after  treatment  as  possible.  If  the  damp  grain  is 
placed  in  bags,  in  the  drill  or  in  any  closed  place  for  a  few  hours  there  is  danger 
of  the  vitality  of  the  seed  becoming  weakened. 

6,  On  no  account  allow  treated  grain  to  sprout  or  mold  or  to  be  frozen  when 
swollen  after  treatment. 

What  is  Formalin? 

Formalin  is  a  clear  liquid  disinfectant.  It  is  a  40  per  cent,  solution  of 
formaldehyde  gas  in  water.  It  can  be  purchased  from  almost  any  druggist,  and 
coats  from  thirty  to  fifty  cents  per  pint.  It  is  sold  under  the  names  of  formalin 
and  formaldehyde.  It  is  important  that  the  purchaser,  whatever  name  he  buys 
it  under,  secures  a  guaranteed  solution  of  full  strength  40  per  cent,  formaldehyde. 
The  stock  solution  should  always  be  kept  in  a  well  corked  bottle.  Formalin,  when 
diluted  with  water  for  treating  the  grain,  is  not  a  dangerous  poison,  although  the 
strong  fumes  will  make  the  eyes  smart  and  a  strong  solution  will  harden  the 
skin  temporarily.  Formalin  is  the  easiest,  safest  and  most  effective  disinfectant 
for  the  prevention  of  Stinking  Smut  of  Wheat,  Loo=t-  Smut  of  Oats,  and  Covered 
Smut  of  Barley,  and  it  is  at  the  same  time  comparatively  cheap.  Formalin  will 
not  prevent  Loose  Smut  of  Wheat  or  Loose  Smut  of  Barley. 


BESULTS  OF  EXPERIMENTS  WITH  VARIOUS  TREATMENTS  TO 

PREVENT  LOOSE  SMUT  OP  OATS  AND  STINKING 

SMUT  OF  WHEAT. 

For  five  years  in  succession  experiments  have  been  conducted  by  Prof.  Zavitz 
at  the  Ontario  Agricultural  College  for  the  prevention  of  the  loose  smut  of  oats 
and  of  the  stinking  smut  of  wheat  Careful  determinations  were  made  each  year 
to  ascertain  the  comparative  influence  of  different  treatments.  There  were  in  <J1 
seven  treatments  for  oats,  and  five  for  wheat.  In  every  instance,  one  sample  was 
left  untreated  as  a  basis  of  comparison.  An  experiment  was  conducted  in  dupli- 
cate with  oats,  and  also  with  wheat  each  year,  there  being  two  varieties  of  eadi 
dass  of  grain  used  for  the  experiment.  The  seed  grain  was  obtained  each  year 
from  a  known  source,  and  where  no  treatment  for  smut  had  been  attempted  for 
several  years  previously.  The  following  treatments  were  used  throughout  wiih 
the  exceptions  of  numbers  3  and  6,  which  were  onutted  from  the  treatments  for  t'  • 
stinking  smut  in  wheat: 

(1)  Untreated.  One  sample  of  oats  and  one  sample  of  winter  wheat  'f 
each  variety  were  left  untrpated,  in  order  that  the  influence  of  the  various  treat- 
ments might  be  better  observed. 

(2)  Immersion  in  Hot  Water.  The  grain  was  placed  in  a  bag  and  immer-  d 
in  water  at  about  116  degrees  P.     Soon  afterwards,  it  was  placed  in  water  whi  b 
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WM  kept  at  a  tempewture  of  between  130  degreo"  ^nd  136  deirrMa  F     Thi.  ™{« 

JSLly  ^"•'^  ""*  "'^  *  "'^  ^*~'  **»  ^'y'  ^'>«"  "  ""  'tirred 

«.  ilL^?'"!^'*"?  •*"  ^^««''»««  ^•^«'«"»  /or  ^»t'«  Minutea.  A  8tron<r  -H„«ion 
^wr?  »S  f^7*  one  poun<'  .f  copper  sulphate  (bluestone)  .a  one  gallon 
of  water,  and  the  oate  were  immersed  in  the  solution  ior  a  period  of  five  miinte.. 
tirn  it^  ^"'"'^^O"  tn  Bluestone  Solution  for  Twelve  Hours.  The  bluestone  solu- 
facn  was  made  by  dissolving  one  pound  of  Wue*tone  in  twenty-five  gallons  of  water 
and  the  gnim  was  nnmewed  in  this  sdutiou  for  a  period  of  twelve  hours 

(6)  apnnkhng  mih  Bluestone  Solution.  The  solution  was  made  b?  d;. 
^Inng  one  pound  of  bluestone  in  ten  gallons  of  water,  which  was  Zd  fort  r^kltl 
over  the  grain  until  it  was  thoroughly  moistened  after  being  carefully  Ttirrel  * 

(6)  Immerston  m  Potassium  Sulphide  Solution.  The  potassium  sulphide 
treatment  consisted  of  soaking  the  oats  for  two  hours  in  a  solutir  made  by 
dissolving  eight  pounde  of  potassium  sulphide  in  fifty  gallons  of  w^^  ^ 

f.^n  /'^'"x"'*"'?  ]"  ^/^"'*'^  Formalin.  The  solution  of  formalin  (40  pe?  cent 
formaiJehyde)  used  for  the  immersion  process  with  oats  and  with  wheat  wi  made 
by  poirmg  one-half  pint  of  the  formalin  into  twenty-one  gallons  of  wX^d 

wWcf  H°  T  "°"^:"li°  «>«»  ^'^^0^  for  a  period  of  twTnty  minutTdurSg 
which  time  it  was  stirred  occasionally.  »>"'"({ 

(8)  Spnnkling  with  Diluted  Formalin.  One-half  pint  of  formalin  was 
pourea  -nto  five  gallons  of  water  and  the  grain  was  sprinLd  w^th  tWs  SuS 
and  stirred  nntU  it  was  thoroughly  moistened.  somnon 

After  the  treatments  had  been  made  for  a  few  hours  «nA  +»,»  »,„.•„  >    j  u 
BufficienUy  dried,  it  was  carefully  sown  on  sej/rte  ^^ ^  en  S  w^^l^^^^^^ 
w^  about  ready  to  cut,  it  was  carefully  Lamin'ed  and  the  headTconJntg 
stinking  smut  were  gathered  and  shelled.    The  rest  of  the  crop  was  then  tfiresh^f 
an4.  agam  examined  for  any  smut  balls  from  heads  which  had  bTen  missed  nfSe 
standing  crop.    When  the  oats  were  coming  into  'lead,  they  were  eTamlned  he 
quently  and  al    smutted  heads  were  removed  and  carefully  ^Suned.    The  a  : 
companying  tables  give  the  average  results  in  percentage  of  grains  of  wirier  wheat 
affected  with  stinking  smut  and  of  heads  of  oats  affSd  with  loose  sn  u  tn  each 
of  the  five  years  during  which  each  experiment  was  conducted.       Bes  des  tWs 
informabon    tJ>e  average  yield  of  oat-  per  acre  for  th.  five  vears  and  the  averai 
yield  of  winter  wheat  per  acre  for  three  years  are  included  '  ^ 


Results  op  Experiments  to  Kill  tfe  Loose  Smut  op  Oats. 


Percentage  of  Smut. 


1st  year  2nd  yeariSrd  year  4th  yearath  year  Averagi 
test.    I    .est.    I    test.    \    test,    i    test,      " 


e 
5  years. 


5.  Untreated , 

2.  Hot  Water 

3.  Bluestone,  5  minutes 

4.  Bluestone,  12  hours . 
n.  Bluestone,  sprinkled 

6.  Potassium  Sulphide  , 

7.  Fonnajin,  immersed  , 
't.  Formalin,  sprinkled  , 


Average 
yield  of 
Grain 
per  aore. 
5  years. 


.0 
1.7 
.6 
.9 
.3.4 
.0 
.0 


3.9 
.0 
.9 
.0 

2.0 
.1 
.0 
.1 


11.6 

4.3 

.0 

.1 

.7 

.6 

.0 

.1 

1.4 

.6 

1.5 

.J 

.0 

.0 

.0 

3.4 

5.7 

.0 

.0 

.1 

.8 

.0 

.1 

1.6 

1.3 

.7 

1.2 

.0 

.0 

.0 

.0 
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BxniLTS  or  Expxrihkmts  to  Kitt  the  Stinking  Smut  of  Wheat. 


Peroentace  of  Smut 


M*terUa«. 


'st  year 
test. 


2ad7Mr 

test. 


1.  Untreated 8. 

2.  Hot  water 

4.  Bluestone,  12  hours ; 

5.  Bluestone,  sprinkled I 

7.  Formalin,  immersed | 

8.  Formalin,  sprinkled 


9.8 
.0 
.0 
.2 
.0 
.0 


3rd  rear 
test. 


.6 
.0 
.0 
.0 
.0 
.0 


4th  year 

5th  year 

ATerage 

test 

test 

5  years. 

.6 

6.8 

4.2 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.1 

.1 

.0 

.0 

.0 

.0 

.0 

.0 

Arerage 
yield  of 
Grain 
per  acre 
3  years. 

Bushels. 
38.0 
40.6 
40.2 
41.1 
43.8 
36.3 


The  results  show  that  the  greatest  yields  of  both  winter  wheat  and  oats  per 
acre  were  produced  from  the  grain  which  was  immersed  for  twenty  minutes  in  a 
solution  made  by  adding  one-half  pint  of  formalin  to  twenty -one  gallons  of  water. 
They  also  show  that  this  treatment  wae  effectual  in  completely  killing  the  smut.  Of 
the  different  bluestone  treatments  for  smut  in  oats  the  most  effectual  was  No.  4, 
but  even  that  was  not  as  satisfactory  as  the  treatment  in  which  the  oats  were 
placed  in  the  formalin  solution.  "  It  will  be  observed  that  No.  3  and  No.  4  treat- 
ments with  oats  apparently  injured  the  germination  of  the  seed  slightly,  and  conse- 
quently lowered  the  yield  of  grain  per  acre.  It  will  also  be  noticed  that  the 
sprinkling  with  the  formalin  solution  reduced  the  yield  of  winter  wheat,  the 
average  being  nearly  two  bushels  per  acre  less  from  the  treated  than  from  the 
untreated  seed. 

Stem  Rust  of  Ghain  (Puccinia  graminis.  Pers.). 

This  is  our  most  conspicuous  grain  rust.  It  occurs  on  wheat,  oats,  rye,  bar- 
ley, and  many  vnld  grasses.  It  first  appears  early  in  the  summer  as  dark,  reddish- 
brown,  or  rust-colored  lines,  chiefly  on  the  stems  and  sometimes  also  on  the  leaves 
and  chaff.  This  stage  of  the  disease  is  known  as  the  Summir  or  Red  Rust.  On 
looking  closely  at  the  red  lines  on  the  stems  they  appear  powdery,  and  are  seen 
to  be  surrounded  by  the  ragged  edge  of  the  ruptured  skin  (epidermis).  This 
red  powder  comes  off  readily,  and  in  badly  rusted  grain  the  hands  and  clothing  of 
one  walking  through  the  field  become  thickly  coated  with  the  red  dust.  Later  in 
the  season,  as  the  grain  ripens,  the  stems  become  covered  with  black  lines.  This 
tiiag   of  the  disease  is  known  as  the  Black  Rust. 

V^en  the  plants  are  badly  rusted  the  grains  do  not  properly  mature  and  arc- 
light  and  shrivelled;  hence  the  grain  is  inferior  in  quality  and  of  a  low  grade. 
The  yield  is  sometimes  reduced  very  much  (40  to  50  per  cent.).  In  years  when 
the  rust  is  .bad,  the  loss  undoubtedly  amounts  to  many  thousands  of  dollars  in 
Ontario.  Not  only  does  the  rust  organism  attack  grain  and  grasses,  but  it  also 
attacks  a  shrub  known  as  the  barberry,  producing  on  the  underside  of  the  bar 
berry  leaves  yellow  pustules,  which,  when  examined  with  a  hand  lens,  are  seen  t< 
be  composed  of  cluBters  of  little  cup-like  structures  (secidia).  The  barberry  i 
not  injured,  however,  to  any  great  extent  by  the  rust  organism. 

Life  Histobt  of  the  Stbm  Rust. 

The  Stem  Rust  of  Grains,  like  many  other  rusts,  has  a  complicated  life  hi? 
tory.    There  are  three  distinct  stages  through  which  it  passes  during  the  year.    I' 
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the  ■ununer  when  the  giuin  i,  growing  the  red  rust  stage  appears  on  the  .tem. 

S^L^i^T  ^^  .?"?'*  ""'  '^."*'"  ^°"°8  *^«  ^'>*'°«  •«»«>°-  When  the 
STroS^S  "'^^  *  '  '""r  *^'^'^'  (mycelium)  inside  the  stems,  instead 

of  producing  summer  spores,  begin  to  produce  dark-colored,  thick- walled,  two- 
^Ued  spores,  known  as  black  rust  spores  or  winter  spores  (teleutosporee).  See 
m/V  J^^""  !  '''°**'  'P""'  "'  produce^,  the  nist  apots  change  from  red  to 
Waci .  These  winter  spores  do  not  germinpce  until  the  following  spring,  and  then 
they  are  not  able  to  start  the  disease  on  the  grain  again  directly,  but  they  are  able  to 


^1 


Pio.  9.— Black  rust  spores  (Teleutospores) 
of  stem  rust  of  grain.  fMacmifled 
many  times.) 


Pig  11.— Drawing  of  longitudinal  section 
inrough  a  cluster  cup  (iEcldlum)  of 
stem  rust  of  wheat,  showing  the  chains 

?L *"".!*'■"*"*  *!•<"■««   l^cldlospores). 
(Magnlfled  many  times.) 


Pio  10.— Cluster  cups  (.Ecldla)  of  stem 
rust  of  grain  on  lower  surface  of 
barberry  leaf.  (Magnified  about 
three  times.) 


the  red  rust  or  summer  spore  stage  of  the  Stem  Rust.  ^ 

^here  mn  J^lT"  ^  T*.*'*  '°'  *^'  ^*^™  ^"«*  ^  '^^^^'^  its  whole  life  history 
■here  must  be  present  the  grains  or  grasses  for  the  production  of  the  su^mS 
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■pom  (uredofl?ore«),  and  the  winter  iporet  (teleutotporee),  Mid  »1«)  the  btibeny 
for  the  production  of  tiie  cluater-cup  sporee  (lecidioeporee). 

The  Stem  Buit  (Puecinia  graminit)  etteclu  wheat,  oftti,  rye,  Urlqr  inr'  many 
wUd  gmsses,  euch  as  wUd  barley,  quack  grass,  etc.  There  appears,  howeyei,  to  be 
a  ali^t  difleience  in  the  varieties  of  rust  occurring  on  the  different  kind*  of  gram. 
The  stem  rust  of  wheat  will  not  readily  infect  oats  or  rye,  and  will  not  infect 
barley  as  readily  as  other  wheat  plants,  each  of  these  grains  apparenUy  h -ong  a 
race  of  stem  rust  more  or  lees  peculiar  to  iteelf . 

Thb  BaBBBBBT  18  NOT  ESSBKTUL  FOB  THB  CONTIKDAHOB  0»  THB  STIM  BDBT. 

When  it  was  first  known  that  the  stem  rust  fungus  spent  part  of  its  life  his- 
tory on  the  barberry  it  was  thought  that  by  doing  away  with  the  barberry  the 
stem  rurt  could  be  prerented.  Uowever,  in  the  West  and  in  Australia,  where  the 
barberry  i&  practically  absent,  the  stem  rust  is  present  and  causes  enormous  lo«8 
in  rust  years. 

How  Does  thb  Stem  Rcst  WiNr  r*  Iveb  Without  thb  Babbbbbt? 

Since  the  stem  rust  exists  in  places  where  the  barberry  is  practically  I'nkno^, 
how  does  it  continue  to  live  from  year  to  year?  Careful  investigations  and  ob- 
servations have  shown  that  there  may  be  four  ways  in  which  the  stem  rust  may 
get  through  the  year  wi' bout  the  barberry: 

1.  It  has  been  shown  that  the  summer  spores  (uredospores)  which  are  formed 
on  the  grains  and  grasses  during  the  growing  season  may  remain  alive  over  the 
winter  on  straw,  stubble,  or  dead  grasses  covered  by  the  snow,  and  that  these  may 
germii  ate  and  start  the  red  rust  again  in  the  spring. 

2.  When  winter  wheat  is  grown  it  may  become  rusted  in  the  fall  and,  as  the 
wheat  remains  alive  all  winter,  the  fungus  threads  in  the  tissues  may  also  remain 
alive.  As  soon  as  the  wheat  starts  growing  again  in  the  spring  new  crops  of  sum- 
mer spores  may  be  produced,  and  the  red  rust  started  again  in  the  spring.  There 
are  also  many  wild  grasses  on  which  the  stem  rust  lives.  It  may  winter  over  on 
these  in  the  same  way  that  it  does  on  winter  wheat. 

3.  In  the  southern  part  of  the  United  States  the  winter  grains  (wheat,  oat? 
and  rye)  remain  in  a  growing  condition  nearly  all  winter,  and  it  is  possible  for 
the  rust  to*  produce  new  crops  of  summer  spores  continuously.  These  spores  are 
very  light  and  mav  be  carried  by  the  wind  for  very  long  distances,  hundreds  of 
•aiifes  in  fact;  hence  these  summer  spores  may  be  brought  north  in  the  spnng  m 
quantities  sufPcient  to  start  the  rust  on  the  grains  as  soon  as  they  come  up  in  tha 

4.  A  stuc'y  of  rusted  wheat  plants  has  shown  that  the  rust  threads  (mycelium) 
may  even  enter  the  grain,  and  that  f?pore  beds  may  be  produced  under  the  bnm 
laver  aroun-l  the  sronn.  It  has  been  phown  that  these  rust  threads  are  capab'e 
of  prrowine  when  the  seed  germinates.  It  may  be  possible  that  they  can  "nfect  the 
wheat  seedlings ;  this  point  has  not  yet  been  proved. 

Thk  Bakrkrby  Does  Ixchease  the  SEVFnrrr  of  Stem  Btrsr. 

While  the  rust  fungus  may  live  over  from  year  to  year  without  the  barberrv. 
it  is  now  generallv  conceded  by  all  who  have  made  a  study  of  the  matter  tl  it 
the   amount  and  severity  of  the  stem  rust  is  very  much  increased  by  the   p  ?- 
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Pio.  12.— Drawing  of  twig  of  barberry,  showing  leaves  and  berries. 


u 


•enct  of  tht  hubnrj  in  the  neighborhood  of  the  grain  field*.  Thie  it  wliftt  might 
b«  expected  from  a  coneidention  of  tht)  fact  that  by  puaing  «  portion  of  its  life 
on  the  berberry  the  ruat  fangni  ie  inrigorated,  end  ita  power  of  producing  nut  on 
grain  or  graaaea  again  moltiplied  many  timea  over. 

Thb  Babbubt. 

There  are  Mveral  q>eciea  of  barberry  grown  in  Ontario,  but  not  all  of  them 
harbour  grain  rust.  The  baiiMrry  which  it  moat  frequently  found  in  Ontario  ia 
the  Common  Barberry  (Beriarw  vulgarit).  Thia  speciea  and  the  purple-leared 
variety  of  it  lo  harbour  the  item  rust 

The  Common  Barberry  {Berberis  vulgaris,  L.)  ia  a  native  of  Europe.  It  haa 
been  much  planted  in  Ontario  for  ornamental  purposea  and  haa  become  wild  in 
•ome  localities.  It  ia  a  spiny  shrub  from  six  to  nine  feet  high,  with  yellow  wood, 
arching  branches  and  grey  twigs.  The  leases  are  bright  green,  smooth,  somewhat 
OTal,  from  one  to  three  inches  long,  the  margins  with  bristly  teeth.  The  flowers 
are  small,  yellow,  and  borne  in  long  drooping  clusters  (racemes).  The  berries 
are  oblong,  red  and  iour.  (See  Fig.  Vi.)  The  purple-leaved  variety  (Berberis 
vulgaris,  var.  airopupurea,  Rgl.)  is  similar,  except  that  the  leaves  are  dark  purple 
in  color.  It  is  now  contrarj'  to  law  to  plant  the  common  barberry  (Berberis  vid- 
ijaris,  L,)  in  Ontario.  (See  Act  respecting  barberry  appended.)  If  barberries 
are  required  for  ornamental  purposes  the  Japanese  Barberry  (Berberis  ihumbsrgie, 
D.C.)  may  be  planted,  as  this  species  does  not  harbour  the  rust. 

Leaf  Ruarr  of  Wheat  (Puccinia  rubigovera  tritici,  Carleton). 

In  addition  to  the  stem  rust,  wheat  is  attacked  by  another  rust,  the  leaf  rust. 
This  rust  is  confined  principally  to  the  leaves  of  the  wheat  plant.  It  usually  appears 
early  in  the  season  and  is  sometimes  quite  abundant  a  month  before  the  stem  rust  is 
noticed  to  any  extent.  The  leaves  of  the  wheat  plant  become  covered  with  numer- 
ous small,  oval  spots  of  light  red  color  and  powdery  appearance.  Each  spot  or 
pustule  (sorub)  is  surroundec"  and  partly  covered  by  the  broken  skin  (epidermis) 
of  the  leaf.  As  the  wheat  matures  the  red  spots  are  replaced  by  brownish-black 
patdiee  which  remain  covered  by  the  skin  (epidermis).  Although  the  leaf  rust 
is  widely  distributed,  occurring  everywhere  where  wheat  is  grown,  it  does  not  cause 
as  much  damage  as  the  stem  rust. 

Like  History.— The  life  history  of  this  rust  is  very  similar  to  that  of  the 
tiem  rust,  except  that  no  cluster-cup  stage  has  been  found,  and  consequently  this 
Tust  is  not  harbored  by  the  barberry  or  any  other  plants,  ao  far  as  is  known,  in  the 
same  manner  as  the  sttmi  rust. 

SUMMABIZED  COMPABISON  OF  STEM  BUBT  AND  LEAF  BUBT  OF  WHEAT. 
8tem  Rust.  I^saf  Rust. 


1.  Rust  spots  are  mainly  on  the  stems. 

i.  The  spots  of  tbe  summer  rust  are  darV 
red  In  long  lines  on  the  stems. 

S.  In  the  winter  rust  stege  (black  rust) 
the  spota  are  nearly  black.  In  long 
llaea  on  the  stems;  skin  ruptured. 

4.  Cluater-cnp  stage  on  the  Barberry. 


1.  The    rust   spota   are   mainly   on    tb' 

leaves. 

2.  The   spots   of   tbe   summer   rust   ar 

light  red  or  orange  colored,  in  sma! 
oral  pustules  on  the  leaves. 

3.  In  the  winter  rust  stage  (black  rust 

tbe  spots  are  brownish-black  in  sma! 
scattered  patches  on  the  leaves;  ski 
not  ruptured. 

4.  Cluster-cup  stage  not  known. 
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LiAF  How  OR  Cmown  Bo«t  oy  04M  (Pucrinia  eoronata,  Cd*.). 

flonfln^i  to  th«  leave.,  though  it  may  occur  to  some  extent  on  the  W  bLTand 
.tem.  of  the  o.t  plant.     Early  in  the  «.«,n  the  leare.  S^mJZJT,  Slf 

Stee  Fhr  Ts     pSh    AJ  "  ''"'"''  "  '""'""'^•d  by  the  broken  .kin  (epidermi!)^ 
aee  Fig.  13     Each  of  theM  spot,  la  compowd  of  orange-colored  powdery  material 

^attte  whole  field  will  l»ve  «  decidedly  reddiah  tinge.    A.  the  plant*  matu" 
ft.  nKld..h  .pot.  on  the  leave,  and  leaf  ba«>,  are  repUced  by  the'i^n.  ^Zh 
black  .pots  of  the  black  or  winter  nirt.     The*  bJk  spot,  or  p«.tnle.  SS 


Fig.  13.— Portion  of  oat  leaf,  showing  the  red  or  aummer  rust  anoU  of  ipaf  «f  «»««- 
ru.t  of  oata.    (Magnlfled  between  threHad  four  time.  )  ^^ 


^"-  1_*— Drawing  of  the  black  rust  sporea 
(Teleutosporea)  of  leaf  ruat  or  crown 
mat  of  oata.    (Magnlfled  many  tlmea.) 

lairage  the  oat  crop  very  considerablj  cu"i«» 

r,.,*^""  ?i'^?!!-~7^'  "'"  ^''^^'y  °*  ""«  ^'t  »  "fflilar  to  that  of  the  .tem 
"ateadT  n  i  %"  't^'  Tv^  "  ^^  '"^  *  ^^^'^ '-«-'  »«  the  BiektSom 


to 


Sduvausio  CoxrAttiioir  or  Sux  Rcirr  ako  Lxat  Bvmt  oa  Crowx 

Bd«x  07  Oats. 


tttm  thut. 

1.  Ruat  ■pota  an  mainly  on  tha  alaau. 

1  Tha  apoU  ot  tba  anmmar  mat  ara  dark 
rad  In  louf  llnaa  on  Uia  atama. 

I.  In  tha  wlntar  nut  ataga  (hlaek  ruat) 
the  apota  ara  nearly  black  In  long 
'  aea  on  tha  atnna;  akin  ruptured. 

4.  Cluatar-cup  ataga  on  the  Barberry. 


Ltat  Ktut  or  Crown  Hutt 

I,  Ruat  apoU  mainly  on  tha  leavea;  aoma- 
timea  on  the  leaf  baaaa. 

I.  Tb«  jpota  o{  the  aummar  ruat  are 
light  red  or  orange  in  color,  oral  or 
elongate  In  ahapa. 

t.  SpoU  of  tha  wlnUr  ruat  (Black  ruat) 
greylih-blaek,  very  email,  often  ar- 
ranged In  circle,  and  the  akin  not 
ruptured. 

4.  Cluater-eup  atag*  on  the  Buckthorn. 


TBI  BuoKTHOKN  {Rhamnui  cathartica,  L.). 

This  it  the  ihmb  on  which  the  rrown  rust  of  oats  (Pur.cima  coronata)  is  har- 
boured. It  is  a  native  of  Europe,  but  is  quite  frequently  used  for  hedges  and 
ornamental  puTposea  in  Ontario,  and  has  to  some  extent  escaped  from  cultivation. 
It  is  a  shrub  or  amall  tree,  from  six  to  eighteen  feet  high,  wih  r^lossy,  ovate, 
green  leaves  and  thorny  branches.  The  flowers  are  small  and  inconspicnous 
being  greenish  in  color.  The  berries  are  spherical,  black  in  color,  and  very  oitter 
in  taste. 

The  writers  believe  that  it  would  pay  farmers  to  deatroy  the  buckthorns  grow- 
ing in  or  near  their  fields,  and  thus  do  away  with  the  means  by  which  the  fungus 
which  causes  the  leaf  rust  or  crown  rust  of  oats  multiplies  itself  so  abundantly. 


Why  thb  Amount  op  Rust  Vibibb. 


Since  the  ru^t  has  so  many  ways  of  living  over  the  winter  it  may  well  be  asked 
"  Why  do  we  not  have  our  grain  crops  destroyed  every  year  by  rust,  and  why  even 
in  *  rust  years '  are  aomc  fields  rusted  worse  than  those  around  tliem."  This  i= 
answered  by  the  fact  that  not  enough  of  the  rust  fungus  lives  through  the  winter 
to  infect  all  the  grain  plants  in  the  spring,  so  that  it  must  be  spread  luring  the 
growing  seoson.  The  extent  to  which  rust  will  spread  depends  very  largely  on  soi' 
and  atmosspheric  conditions.  If  there  are  periods  of  muggy  weather,  especially 
durir  ;  the  time  when  the  grain  is  heading  out,  the  rust  will  spread  much  morf' 
rapidjy  than  if  the  v/oather  is  dry  and  clear.  Cool  weather  also  gives  the  rust  a 
dunce  to  apread,  as  it  lengthens  the  growing  period  of  the  grain.  In  wet  aeasoi;- 
the  grain  growing  in  low  poorly  drained  portions  of  the  fields  is  usually  moi  ■ 
severely  rusted  than  on  the  higher  better  drained  parts,  for  the  reason  that  tie 
soil  in  the  undrained  places  remains  cold  longer  in  the  spring,  causing  the  plans 
to  develop  more  slowly,  and  hnncc  they  .ire  longer  exposed  to  infection.  In  the  ^ 
places  also  tlie  excessive  moisture  keeps  the  grain  damp,  and  the  nist  rpores  ha^? 
a  better  chan^p  to  germinate  and  infect  the  growing  grain.  The  grain  growi'i 
along  hedges,  near  woods,  and  in  places  sheltered  from  the  wind  by  hills,  is  al  o 
often  more  badly  rusted  because  the  air  does  not  have  free  circulation  and  the  plai.  s 
remain  damp  after  dew  or  rain  for  a  much  longer  time  than  in  places  where  f  e 
wind  has  an  opportunity  to  dry  them  quickly. 


iH 


I  i 


ria.  16.-I>rawta«  of  twig  of  buckthorc.  showing  leares  and  berries. 

natural  slse.) 


(About 


Suooisnohs  AS  TO  How  to  Pr?.text  Lom  fkox  Ban. 

There  is  no  way  of  treating  the  seed  or  spraying  the  crop  ao  as  to  prevent  ru^t. 
It  is  impossible  to  conttoJ  mst  entirely,  but  loss  from  rust  may  be  reduced  consider- 
ably by  acting  upon  the  following  puggestions : — 

1.  Destroy  as  far  as  possible  the  Common  Barberry  {Berheris  vulgaris)  and 
the  Buckthorn  (Rhamnus  cathartiea)  growing  in  Ontario.  Rust  may  cause  serious 
loss  in  districts  where  those  shrubs  are  not  found,  but,  when  they  are  present,  they 
do  undoubtedly  tend  to  increase  the  asnonnt. 

2.  See  that  fields  on  which  grain  is  to  be  grown  are  well  drained.  Rust  ie 
nearly  always  worse  on  poorly  drained  land.  Such  land  remain*  colder  longer  in 
the  spring,  and  hence  the  germination  and  early  growth  of  the  grain  are  retarded. 
In  wet  seasons  also  grain  ripenp  more  slowly  on  poorly  drained  land.  This  slow 
development  of  the  crop  and  the  excessive  moisture  provide  the  conditions  most 
favorable  for  the  devclopmont  of  mst. 

3.  Endeavor  to  have  the  crop  mature  as  early  as  possible.  This  can  be  done 
to  some  extent  by  early  seeding  in  a  well  prepared  seed  bed. 

4.  Avoid  tho.=e  varieties  of  grain  which  give  poor  returns  and  are  also  badly 
injured  by  rust.  See  table  provided  by  Prof.  Zavitz  showing  the  extent  to  which 
different  varieties  are  attacked  by  mst. 

5.  Do  not  mix  varieties  of  =eed  grain,  such  as  early  and  late  ripening  varieties 
of  oeta,  but  use  only  pure  seed  of  one  variety  to  secure  uniform  ripening. 

6.  Treat  all  seed  grain  to  prevent  smut,  as  plants  infected  with  smut  are  very 
subject  to  rust,  which  may  get  started  on  them  and  then  spread  to  healthy  plant?. 

7.  Sow  only  sound,  plump  grain.  This  can  be  secured  by  the  careful  use  of 
the  fanning  mill.  Shrivelled  grain  is  very  likely  to  have  been  produced  by  badly 
rusted  plants. 

8.  On  rich  soils  be  careful  in  the  use  of  manures  containing  large  amounts  of 
nitrogen,  such  as  barnyard  manure  and  nitrates.  Such  manures  on  rich  soil  pro- 
duce ar  excessively  rank  growth,  which  invites  mat. 

9.  Rotation  of  crops,  proper  manuring,  thorough  cultivation,  freeing  the  field-! 
from  weeds,  and  all  such  farm  practices  which  tend  to  promote  healthy  grovrth  and 
the  proper  maturing  of  the  grain  lessen  the  chances  of  rust  causing  serious  loss. 


as 

l-AHLE  SttOWlNG  THE  BXtfiNt  TO  WHIOH  DlFI'EHENT  VABlETth-> 
OF  GBAIN  ABE  ATTACKED  BY  BUST         ^^^^^^li^a 

Experiments  have  i>een  conducted  by  Prof.  Zavitz  at  tJie  Ontario  \CTicuJtunil 
Colle^  m  carefully  teting  different  variatie.  of  fann  crops.  ThtfolfS  Sb7 
gives  the  average  of  five  years'  results  (1910-1914  inclusive)  in  numberTf  fayt  in 
of  lZr*;!f  ^'  -1^''^^.  "'  «^^  P"  "^"'  ""^  i°  P"  ««°t.  of  ruTon  thoTr^w 

of  :Ser  :tt    " "' "''''  ^ "™"~  •*'  ^■"'*^  •'•'^^y'  "<i  <--«": 


Varieties. 


No.  of  Days 
from  Seeding 
until  Maturity, 


I 

jBushels  of  Grain 

per  Acre 

per  Annum. 


Oate  :— 

Early  Ripe  ,„ 

Danbeney J"5 

Siberian }^ 

Banner  J?? 

Tartar  King :::;.;; }ii 

Abundance J22 

StormKing .' J^ 

BiacitTartarian.. ......:::;;;::::;::::;:;  m 

Barley : — 

Mandscheuri  --. 

Mensury  ^"I; 

zuiuKing •".ii!'.i.".".".".'.'.".;::;  gj 

f  Average  date  of 

Winter  Wheat:-                                              I  Maturity. 

Kliarljov  t  i    o« 

Tuscanlsland tPs? 

Banatlfa •J"y25 

Turkey  Red :::::;::: j"^il 

Imperial  Amber ^^|5 

Northwester  ..     i"  ^  24        ; 

Treadwrell   J"}y25         | 

GrandPrize  ^"^28        , 

American  Wonder I^li        ' 

A»'"^«» ::....:::::::;;:::::;:  SU    i 


Per  cent 

of  Rust 

on  Straw. 


66.6 

6 

66.0 

6 

84.5 

7 

67.1 

9 

70.3 

12 

82.0     - 

14 

64.7 

16 

54.6 

21 

61.9     • 

2 

47.4 

4 

54.9 

6 

47.3 

•4 

41.1 

5 

42.0 

6 

38.3 

7 

45.4 

8 

39.5 

9 

33.5 

11 

47.6 

12 

40.1 

14 

89.7 

17 
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AN  AOr  BBSFBCTIMO  TBI  BABBKRRT  SHRUB. 

HIS  BIAJESTT,  hr  and  wltb  the  advice  and  consent  of  the  LecUlatlva  Asaembly  of 
the  Province  of  Ontario,  enacts  as  follows: 

1.  This  Act  may  be  cited  as  The  Barherry  8hrul>  Act. 

2.  In  this  Act  "Barberry"  shall  mean  the  species  Berberit  vulgarU  L. 

3.  Every  person  who  plants,  cultivates  or  sells  the  shrub  known  as  the  barberry 
shrub  shall  incur  a  penalty  not  exceeding  |10,  to  be  recoverable  under  Tho  Ontario 
Bummary  Convictiont  Act. 

4.  The  council  of  any  municipality  may  order  the  owner  or  occupant  of  any  land 
on  which  any  hedge  or  fence  formed  by  such  shrub  or  any  plant  of  such  shrub  Is  grow- 
ing to  remove  and  destroy  the  same,  and  upon  his  neglect  or  refusal  so  to  do  within 
one  month  after  the  service  of  notice  in  writing  re<iuiring  such  removal  and  destruction, 
the  council  may  cause  the  same  to  be  removed  and  destroyed,  and  In  such  case  he 
shall  not  be  entitled  to  compensation  for  such  removal  and  destruction. 

6._(i)  If  within  thirty  dt.y*  after  receiving  the  notice,  the  owner  or  occupant 
removes  and  destroys  such  shrub,  he  shall  be  entitled  to  compensation  for  the  value 
of  the  plant  and  the  cost  of  removal. 

(2)  In  default  of  agreement,  tie  amount  of  such  compensation  shall  be  determined 
in  writing  by  the  fence  viewers  of  the  municipality,  and  the  amount  agreed  upon  or 
awarded  shall  be  paid  to  the  owner  m  occupant  by  the  treasurer  of  the  municipality. 

8._(1)  Where  any  person  has  planted  or  has  growing  upon  land  owned  or  occupied 
by  him  and  situate  within  any  city,  town,  or  Incorporated  village  any  hedge  or  fence 
formed  by  such  shrub  or  any  planU  of  such  shrub,  the  Minister  of  Agriculture  may, 
upon  petition  signed  by  at  least  three  owners  or  occupants  of  lands  in  an  adjoining 
township,  and  after  the  report  of  one  or  more  qualified  persons  appointed  by  the  Minister 
for  such  purpose,  require  the  owner  or  occupant  to  Remove  and  destroy  such  hedges, 
fences  or  plant,  and  upon  his  neglect  or  refusal  to  do  so  within  one  month  after  the 
service  of  notice  in  writing  requiring  such  removal  and  destruction,  the  Minister  ma.'. 
cause  the  same  to  be  removed  and  destroyed. 

(2)  Where  such  owner  or  occupant  removes  and  destroys  such  hedge,  fence  or  plant 
as  required  by  the  Minister,  and  such  hedge,  fence  or  plant  was  planted  before  the  30th 
day  of  April,  1900,  he  shall  be  entitled  to  such  compensation  as  the  Minister  sees  fit 
to  allow,  to  be  paid  out  of  the  Consolidated  Revenue  Fund. 


'I 


